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ABSTRACT ARTICLE INFO

2-Acetoxy benzoic acid (2ABA) can produce structural changes in the molecule
when dissolved in different solvents depending on factors such as solvent polarity,
Hydrogen bonding and solvent interactions. The structural changes of the 2ABA
molecule in the presence of solvents were recorded by Fourier Transform Infrared ~ Density Functional Theory (DFT),
(FT-IR) Spectroscopy in the 4000-0 cm’ range. Additionally, Nuclear Magnetic ~ Nuclear Magnetic Resonance (NMR),
Resonance (NMR) Spectroscopy was employed to examine changes in chemical shift g rier Transform Infrared (FT-IR).
values associated with the dissolution of the molecule. In another phase of the study,
the geometric parameters of the optimized molecules, atomic charges, intensities of
the vibrational bands, and vibrational frequencies were calculated using Density
Functional Theory (DFT). These calculations were performed at the DFT/B3LYP
level with the LanL2DZ basis set, providing a detailed analysis of solvent effects at
the molecular level. This study offers significant insights into the interactions of
solvent environments with molecular structures and contributes to potential drug
development processes.
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using Gaussian 9W software and Fourier Transform

Infrared (FT-IR) Spectroscopy. In addition, the changes in

Different  solvents have  profound and — often chemical shift values were analysed by Nuclear Magnetic

unpredictable effects on molecular structures. These Resonance (NMR) Spectroscopy. Calculations using

effects can drastically change the physical and chemical Density Functional Theory (DET) were carried out at the
DFT/B3LYP level and with the LanL.2DZ basis set. This

study is an important step in understanding the solubility

properties of molecules. Properties of solvents such as
polarity, hydrogen bonding capacity and molecular
interactions have effects on the electronic structure of 2-
Acetoxybenzoic acid (2ABA) [1]. 2ABA is an important

organic compound known as acetylsalicylic acid or aspirin

properties and solvent interactions of 2ABA at the
molecular level and has the potential for the applicability

of this information in drug design and development

[2, 3]. This compound is known for its anti-inflammatory,
processes.

analgesic, antipyretic and anticoagulant effects. It is also a The solubility of molecules and their interactions

very important drug as it is widely recommended for with solvents can lead to significant changes in their

various pain conditions such as toothache and menstrual structural, electronic and chemical properties. This is a

pains [4, 5]. Thus, it is considered as an indispensable drug factor that plays an important role in drug development

in medicine due to its versatile use and effective processes [7]. By using DFT to calculate the geometric

mechanism. 2ABA is a widely used organic compound parameters, atomic charges and vibrational frequencies of

and is known for its anti-inflammatory and analgesic the molecule, it is easier to understand the electronic

properties [6]. The molecule contains a benzene ring, an properties of the molecule. Analyzing how chemical shifts

ester group (-COOCHj;) and an acetyl group. Structural change in solvents with NMR spectroscopy can

changes were recorded by quantum chemical calculations theoretically model the binding and interaction
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mechanisms of drugs without the need for experimental
processes. Thus, it is valuable for designing molecules
with desired properties and predicting the effects of
changes in molecular structure.

This study shows how 2ABA interacts with various
solvents and how these interactions are explained at the
molecular level, providing critical information on the

solubility, bioavailability and stability of the molecule.

2. MATERIAL AND METHOD

GaussView 6.0.16 programme was used to draw the
molecular structures of 2ABA molecule when dissolved in
ethanol and water solvents [11]. Quantum chemical
calculations of the molecules were performed with
Gaussian 09: AS64L-G09RevD.01 programme [12]. DFT
and HF approaches were used in the calculations. These
calculations were performed at the DFT/B3LYP level with
the LanL.2DZ basis set and provided a detailed analysis of
solvent effects at the molecular level. To study the band
structure of the optimised data of the molecules, density of
state (DOS) cards were examined with the GaussSum 3.0
tool [13]. The molecular trajectory data were mixed with
Gauss's HOMO-LUMO diagram curves.

084

3

Figure 1. Optimized structure and Bond Lengths of Color Range of (a) 2-Acetoxybenzoic Acid, (b) Ethanol Solvent, (¢) Water Solvent
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3. RESULTS AND DISCUSSIONS

Geometry Optimization

Geometric optimisation of the 2ABA molecule and
its dissolution in different solvents was performed to find
the lowest energy conformation. Gaussian 09: AS64L-
GO9RevD.01 [12] package programme was used to
optimise the bond lengths and angles between the atoms
forming the molecule and to adjust the molecule to its
most stable state. Fig.1(a) shows the basic structure of the
2ABA molecule without the influence of solvents. Fig.1(b)
and 1(c) show the optimised state of the molecule upon
dissolution in ethanol and water solvents, respectively. In
Fig.1(a) the 2ABA molecule has been optimised without
solvent molecules in order to study its individual
properties. This structure is necessary to describe a
situation where it is free from complex interactions, often
referred to as an isolated molecule structure. When 2ABA
is optimised in ethanol solvent, interactions with ethanol
molecules cause changes in bond angles or lengths due to
solvent effects such as hydrogen bonds or Van der Waals
forces [7-10]. It shows the optimised structure of 2ABA in
water solvent. Water is a highly polar solvent compared to
ethanol. It can form strong hydrogen bonds with the
carboxyl (-COOH) and ester (-COOR) groups of 2ABA.
Therefore, more pronounced changes in structure are
observed due to the formation of hydrogen bonds
compared to ethanol.
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Table 1. Initial Parameters (Angstroms and Degrees)

2-Acetoxybenzoic Acid

2-Acetoxybenzoic Acid-Ethanol

2-Acetoxybenzoic Acid-Water

Name Definition L‘Z%;th Name Definition Leir;‘g)th Name Definition L‘Z%;th
R1 R(1,2) 1.5098 R1 R(1,2) 1.5076 R1 R(1,2) 1.5075
R2 R(1,14) 1.0905 R2 R(1,14) 1.0898 R2 R(1,14) 1.0898
R3 R(1,15) 1.0962 R3 R(1,15) 1.096 R3 R(1,15) 1.096
R4 R(1,16) 1.0962 R4 R(1,16) 1.096 R4 R(1,16) 1.096
R5 R(2,3) 1.2381 RS R(2,3) 1.2413 R5 R(2,3) 1.2414
R6 R(2,4) 1.3983 R6 R(2,4) 1.3969 R6 R(2,4) 1.3968
R7 R(4,5) 1.4058 R7 R(4,5) 1.4113 R7 R(4,5) 1.4116
R8 R(5,6) 1.4092 R8 R(5,6) 1.4089 R8 R(5,6) 1.4089
R9 R(5,10) 1.4233 R9 R(5,10) 1.4249 R9 R(5,10) 1.425
R10 R(6,7) 1.4055 R10 R(6,7) 1.4061 R10 R(6,7) 1.4061
R11 R(6,17) 1.081 R11 R(6,17) 1.0801 R11 R(6,17) 1.08
R12 R(7,8) 1.4066 R12 R(7,8) 1.4065 R12 R(7,8) 1.4065
R13 R(7,18) 1.0871 R13 R(7,18) 1.0864 R13 R(7,18) 1.0864
R14 R(8,9) 1.4018 R14 R(8,9) 1.4017 R14 R(8,9) 1.4017
R15 R(8,19) 1.0861 R15 R(8,19) 1.0855 R15 R(8,19) 1.0854
R16 R(9,10) 1.4153 R16 R(9,10) 1.4168 R16 R(9,10) 1.4169
R17 R(9,20) 1.0833 R17 R(9,20) 1.0829 R17 R(9,20) 1.0829
R18 R(10,11) 1.4896 R18 R(10,11) 1.4896 R18 R(10,11) 1.4896
R19 R(11,12) 1.4027 R19 R(11,12) 1.3935 R19 R(11,12) 1.393
R20 R(11,13) 1.2414 R20 R(11,13) 1.2461 R20 R(11,13) 1.2463
R21 R(12,21) 0.9835 R21 R(12,21) 0.9842 R21 R(12,21) 0.9843

Frontier Molecular Orbital Analysis (FMO)

The energy gap between the Highest Occupied
Molecular Orbital (HOMO) and the Lowest Unoccupied
Molecular Orbital (LUMO) is related to the transport of
charges in molecules [14]. Molecular orbital arrangement
and energy state diagram obtained by dissolving 2ABA
molecule in water and ethanol solvents are shown in Fig.2.
The energy difference (AE) between HOMO and LUMO
can affect the reactivity and electronic properties of
molecules in solvent environment [15, 16]. The energy
difference between HOMO and LUMO of the 2ABA
molecule in its pure form (without the addition of any
solvent) is 5.093 eV. The change in HOMO and LUMO
energies depending on the polarity of solvents such as
ethanol and water indicates that solvent molecules interact
with the 2ABA molecule and change its electronic
structure. A decrease in the HOMO-LUMO energy
difference indicates that the molecule becomes more
reactive. A lower energy difference means that the energy
required for an electron to move from HOMO to LUMO is
less. Polar solvents can change the electron distribution of
a molecule due to their effect on its chemical reactivity
and electronic behavior. The dielectric constant of solvents

can affect molecular interactions in solution. Solvents with
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high dielectric constant affect electron distribution and
energy levels at the molecular level by stabilizing the
electron cloud of the molecule. However, the use of acid
can affect the HOMO and LUMO energy levels by
of the
Protonation changes the electron density, which can lead

changing the protonation state molecule.
to changes in molecular orbital energies, thus narrowing
the band gap by changing the HOMO and LUMO
energies.

The quantum chemical descriptors calculated for the
2ABA molecule in different solvents were calculated as in

Table 2. These quantum chemical parameters were
calculated from the equations of I=-Eygmo; A=-ELymo;
—1/_[9%E -4
n= /2[ /BZN]_ /

n=-(1+A)/2);
ot = (F3A)?2

AE=Eyomo-ELumos

X=-L; (1)=X2/27] ; €=1/(1);
2

e GIHR)

; Here, various
16(1-A)

16(1-A)
parameters such as energy difference (AE), ionization
potential (I), electron affinity (A), electronegativity (%),
chemical hardness (1)), nucleophilicity (€), electrophilicity
(o), dipole moment (p), and chemical softness () were
calculated.
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Figure 2. The molecular orbital arrangement and energy state diagram of (a) 2-Acetoxybenzoic Acid, (b) Ethanol Solvent,
(¢) Water Solvent

Table 2. The calculated quantum chemical descriptors for a) 2-Acetoxybenzoic Acid, b) Ethanol Solvent, c) Water Solvent

Compound 2-Acetoxybenzoic Acid Ethanol Solvent Water Solvent
Egomo (eV) -7.109 -7.196 -7.202
Eruymo (eV) -2.016 -2.137 -2.144
AE (eV) 5.093 5.059 5.058
1 (eV) 2.546 2.529 2.529
6 (eVh) 0.392 0.395 0.395
1 (eV) 4.562 4.666 4.673
n(evh -4.562 -4.666 -4.673
(0] 4.087 4.304 4.317
€ 0.244 0.232 0.231
o" 0.013 0.007 0.007
o 4.576 6.953 6.969

Vibrational Spectroscopic Analysis Spectrum
Vibrational Spectroscopic Analysis describes the
peak values at the points where the molecule absorbs the
beam when infrared light is incident on the molecule [17].
The position, amplitudes and shapes of these peaks are
influenced by many factors such as the molecular
structures of the solvent and solute, bond types and
interactions in solution [7]. Fig.3 shows the vibrational
spectroscopic  analysis spectrum of the molecular
structures of 2ABA pure molecule in ethanol and water
solvents. This graph represents the variation of percent
transmittance as a function of wave number (cm™). The
peaks identify the modes of vibration in the molecules of

each substance, and as the molecules absorb infrared
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radiation at certain frequencies, significant decreases in
transmittance are observed.

In the pure 2ABA molecule, the peak around 1700 cm’™
is due to the C=0 stretching for the carboxylic acid group.
In the ethanol molecule, peaks were found for the
vibrations of both the alcoholic -OH group and the C-H
and C-O bonds.
generally around 3300 cm™. C-H stretching vibrations are

The O-H stretching vibration was

usually located around 2900 cm™. The water molecule has
characteristic peaks due to O-H stretching and bending
vibrations. The IR spectrum of pure water usually shows a
broad O-H stretching band, which is concluded to lie
between about 3200 cm™ and 3500 cm™.
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Figure 3. Vibrational Spectroscopic Analysis Spectrum of (a) 2-Acetoxybenzoic Acid, (b) Ethanol Solvent, (¢) Water Solvent

Nuclear Magnetic Resonance Spectroscopy

NMR spectroscopy is a method used to study the
structural and dynamic properties of molecules. The peaks
in the spectrum are based on the behavior of the atomic
nuclei in the sample in a magnetic environment and these
peaks provide information about the chemical structure of
the molecules [18, 19]. The NMR spectra in the graph
shown in Fig.4 compare the behavior of the 2ABA
molecule in different solvents. Narrow and prominent
peaks in the spectrum indicate a dissolved solid sample,
while broad and low intensity peaks may indicate high
mobility of the molecules or that they have various
interactions. Changes between spectra in the direction
indicated by the arrows may indicate changes in reaction
conditions or time-dependent molecular changes. Looking
at the molecular structure pictures, we can see that there
can be different types and numbers of molecules. Fig.4(a)
represents the NMR spectrum of the pure form of the
2ABA molecule. The spectrum shows the characteristic
peaks of hydrogen atoms in various chemical
environments of the molecule. In the pure state, the
spectrum has clear and sharp peaks, indicating that
intermolecular interactions are limited. In Fig.4(b), when
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the 2ABA molecule is dissolved in ethanol, some changes
are noticeable as a result of interaction with ethanol
molecules. The polar character of ethanol and its ability to
form hydrogen bonds can change the local electronic
environment of the hydrogen atoms of the 2ABA
molecule. This can lead to changes in the chemical
displacement values in the spectrum. These changes
observed in the spectrum are an indication of the effect of
the solvent on the molecule. In Fig.4(c), water can form
stronger hydrogen bonds with 2ABA since it is a more
polar solvent than ethanol. These interactions can create
even more pronounced changes in the peaks in the
spectrum. When dissolved in water, the hydrogen atoms of
the 2ABA molecule interact with water molecules, leading
to differences in chemical displacements. In particular, the
presence of hydrogen bonds in water can result in broader
peaks with lower field intensity in the spectrum. Chemical
shifts of 2ABA and other solvents are given in Table 2.
These shifts give information about the electronic
environment around certain atoms in the molecule due to
solvent effects.
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Figure 4. Nuclear Magnetic Resonance Spectroscopy of (a) 2-Acetoxybenzoic Acid, (b) Ethanol Solvent, (¢) Water Solvent

Table 3. Chemical shifts of 2ABA molecule and other solvents

2-Acetoxybenzoic Acid

Ethanol Solvent

Water Solvent

Method Shielding Method Shielding Method Shielding
(ppm) (ppm) (ppm)

3-0 -172.557 3-O -155.1567 3-O -154.4313
13-0 -166.9776  13-O -142.0971 13-O -140.8202
2-C 5944 2-C 2.8224 2-C 2.7189
11-C 17.1643 11-C 14.6197 11-C 14.4916
17-H 23.3692 17-H 23.4025 17-H 23.4042
20-H 23.8333 20-H 23.7518 20-H 23.7476
18-H 24.771 18-H 24.4376 18-H 24.4215
19-H 25.0911 19-H 24.7445 19-H 24.727
21-H 26.2905 21-H 25.4683 21-H 25.4296
14-H 29.7728 14-H 30.0405 14-H 30.0568
15-H 30.4322 15-H 30.1745 15-H 30.1615
16-H 30.4322 16-H 30.1745 16-H 30.1615
5-C 30.5592 5-C 30.2924 5-C 30.2808
4-0 39.7577 4-O 42.0427 4-0O 42.2163
7-C 53.4651 7-C 51.4205 7-C 51.3152
9-C 53.5627 9-C 52.9863 9-C 52.9586
8-C 64.5582 8-C 62.7535 8-C 62.6565
6-C 67.7218 6-C 67.535 6-C 67.5267
10-C 73.8854 10-C 74.2111 10-C 74.232
12-0 82.196 12-O 85.7133  12-O 85.8418
1-C 165.3545 1-C 164.9763 1-C 164.9542

The shift in values from pure compound to solvents bonds with the solvent, which effectively increases the

indicated the interaction of these oxygen atoms with electron density around these atoms. Carbon atoms (2-C,
11-C, 5-C, 7-C, 9-C, 8-C, 6-C, 10-C, 1-C) show different

degrees of chemical shift changes in the transition from

solvent molecules. Since they are less vulnerable in
ethanol and water, it indicates that they form hydrogen
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pure 2ABA to solution. The general trend is for lower ppm

values in ethanol and water, indicating increased
conservation, possibly due to solvent-solution interactions.
Solvents may act as a shield against the external magnetic
field, shifting chemical shifts towards the upfield. The
12-0

presence of ethanol and water compared to pure matter

significant non-shielding observed for in the
may indicate a strong interaction with the solvent, possibly
hydrogen bonding.

UV-Visible Analysis

UV-Visible spectroscopy is an analysis method that
measures how molecules absorb ultraviolet and visible
light [20]. This type of spectral analysis is used to obtain
information about the structural properties of molecules,
their electronic properties and their interactions with
solvents. The peaks in each spectrum represent the ability
of the substance to absorb light at specific wavelengths
[21]. The UV-Visible spectroscopic analyses presented in
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Fig. 5 show the absorbance spectra of the 2ABA molecule
and two different solvents (ethanol and water).

In Fig.5(a), there are prominent peaks showing the
transitions between different electronic energy levels of
the 2ABA molecule. These peaks are due to n-n* and n-*
electronic transitions in various parts of the molecule. Fig.
5(b) shows that the UV-Visible spectrum of ethanol
generally has lower absorbance values. This is because the
ethanol molecule has a weak absorbance under UV light.
In Fig.5(c), the molecule in water solvent generally shows
very low absorbance under UV light. In this case, the
peaks in the spectrum may again be due to the electronic
of the 2ABA molecule The
differences in the spectrum of water solvent compared to
that the
interactions change depending on the solvent. Table 4

transitions in water.

ethanol solvent may indicate molecular

shows the peak information of the 2ABA molecule and
other solvents.
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Figure 5. UV—Visible analysis of (a) 2-Acetoxybenzoic Acid, (b) Ethanol Solvent, (¢) Water Solvent
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Table 4. Peak information of 2ABA and other solvents

2-Acetoxybenzoic Acid

Ethanol Solvent |

Water Solvent

Wavelength (nm) Strength Wavelength (nm) Strength Wavelength (nm) Strength
291.37 131.282865 285.6 257.3973369 285.29 257.0153244
277.06 116185.3355 280.62 150448.7434 280.61 147912.3192
252.82 131.282865 249.77 257.3973369 249.61 257.0153244
240.29 208871.0382 244.54 268594.121 244.52 265753.8454
227.53 0 224.27 0 224.11 0
218.26 479838.8716 223.12 549414.6156 223.03 538832.6275
212.58 131.282865 208.85 104245.9214 208.91 102806.1297
205.84 90847.74258 208.57 128.6986684 208.37 128.5076622
195.53 98855.99734 194.12 117373.1856 193.97 116556.4496
189.94 0 189.82 60359.6755 189.84 58470.98629
188.6 58814.72352 186.89 0 186.74 0
184.82 127081.8133 185.88 175030.1891 185.84 174384.8976

4. DISCUSSION [4] Grosser, T., Smyth, E., & FitzGerald, G. A. (2011). Anti-

In the comparative NMR analysis, important findings
2ABA molecule in different
were obtained. The changes

on the behavior of the
solvents in chemical
displacements from the pure state into ethanol and water
are a reflection of the interactions of the solvents on the
molecule. The changes in ethanol solution were less
pronounced, but more pronounced in water due to the
higher polarity and stronger hydrogen bonding capacity of
water than ethanol. These findings are important for the
2ABA

molecule and for understanding how these interactions

study of solvent-solvent interactions of the

occur at the molecular level. In all three cases, intense
absorbance peaks, especially in the UV region (around 200
nm), are striking. This indicates that the 2ABA molecule
has strong electronic transitions at these wavelengths, and
these transitions can often be due to the aromatic ring of
the molecule or chromophore groups such as carbonyl. It
is anticipated that the spectral data obtained will contribute
to a deeper understanding of the structural and solubility

properties of the molecule.
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